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INTRODUCTION 

Since  approximately  1  in  8  men  with  prostate  cancer  in  the  US  will  die  of  their  disease,  it 
is  critical  to  identify  early  in  the  disease  course  those  men  who  are  likely  to  progress  in  order  to 
administer  appropriate  therapies.  Several  tumor-derived  RNA  expression  signatures  have  been 
developed  to  improve  upon  the  prognostic  value  of  known  clinical  parameters  (e.g.  Gleason 
score,  tumor  stage,  PSA  levels)  to  predict  prostate  cancer  recurrence  or  death.  However, 
hundreds  of  genes  have  been  identified  in  the  current  signatures,  and  it  is  unclear  which  ones 
are  biologically  relevant  for  metastatic  spread  due,  in  part,  to  the  difficulty  in  obtaining 
metastatic  specimens  and  inherent  tumor  heterogeneity.  The  focus  of  the  original  proposal  was 
to  assess  tumor  heterogeneity  and  prognostic  value  of  a  4-gene  signature  of  prostate  cancer 
prognosis,1  and  to  identify  genes  involved  in  metastatic  progression  to  the  lymph  nodes. 

The  current  progress  report  focuses  on  tumor  heterogeneity  of  one  of  the  four  genes: 
Phosphatase  and  tensin  homolog  (PTEN).  PTEN  is  a  well-known  tumor  suppressor  gene  that 
acts  as  a  negative  regulator  of  the  PI3K/AKT  pathway.  Loss  of  PTEN  expression  has  been 
associated  with  aggressive  prostate  cancer  and  adverse  outcomes  in  several  studies.2,3  Since 
PTEN  expression  appears  to  have  prognostic  utility  and  may  guide  treatment  decisions,  it  is 
important  to  characterize  heterogeneity  as  prostate  biopsies  sample  only  a  portion  of  the 
existing  tumor.  However,  detailed  characterization  of  PTEN  heterogeneity  within  and  between 
tumor  foci  in  prostate  cancer  patients  is  limited.  To  our  knowledge,  only  one  prior  study  has 
assessed  the  distribution  of  PTEN  loss  in  multifocal  prostate  cancer:  among  142  patients  that 
underwent  radical  prostatectomy,  PTEN  deletion  was  observed  in  42%  of  patients  and  was 
significantly  correlated  with  higher  tumor  Gleason  grade. 4  Our  study  is  slightly  larger  and 
assesses  PTEN  protein  loss  using  an  alternative,  valid  method  of  immunohistochemistry.5'6 
Furthermore,  we  are  able  to  link  PTEN  loss  with  long-term  clinical  outcomes. 


BODY 

Task  1.  Aim  1:  Characterize  heterogeneity  of  a  4-gene  signature  across  prostate  tumor 
nodules  and  validate  its  prognostic  potential 

IRB  approval  was  obtained  for  this  project  at  Harvard  School  of  Public  Health  in  October 
2012.  The  tissue  microarray  of  approximately  200  prostate  cancer  patients  that  underwent 
radical  prostatectomy,  including  approximately  one  third  with  multi-focal  disease,  was 
constructed  in  2013.  Since  the  original  grant  proposal,  the  funding  source  to  measure  the  4- 
gene  signature  in  these  tumor  specimens  became  unavailable  to  perform  the  assay.1  In  year  2, 
Dr.  Batista  secured  an  alternative  source  to  measure  one  of  the  genes  (PTEN)  in  the  laboratory 
of  Dr.  Tamara  Lotan  at  Johns  Hopkins  School  of  Medicine.  Dr.  Lotan  is  an  expert  pathologist  and 
has  developed  an  immunohistochemical  method  for  measuring  PTEN  expression  that  is  valid 
and  methodologically  easier  than  the  alternative  FISH  assay.5,6  The  following  are  our  current 
findings  on  intratumoral  heterogeneity  of  PTEN  staining  in  a  Swedish  cohort  of  prostate  cancer 
patients. 

PTEN  was  evaluated  in  archival  tumor  tissue  from  197  prostate  cancer  patients 
diagnosed  from  1989-2005  (Table  1  in  Supporting  Data).  A  single  tumor  focus  was  evaluated  for 
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PTEN  protein  expression  in  132  (67%)  of  patients,  while  2-4  tumor  foci  were  evaluated  in  65 
(33%)  of  patients.  PTEN  loss  was  assigned  if  the  patient  had  any  areas  of  the  tumor  showing 
markedly  decreased  or  completely  negative  immunohistochemical  staining  (at  least  5%  of  cells), 
as  compared  with  benign  epithelium  and  stromal  cells  within  the  tumor.  A  patient  was  scored 
as  PTEN  heterogeneous  if  a  portion  of  the  tumor  had  PTEN  loss  and  another  portion  did  not. 

We  found  that  PTEN  loss  in  >1  tumor  core  was  present  in  74  (38%)  of  patients,  and  that 
consistent  PTEN  loss  across  all  cores  evaluated  was  present  in  23  (12%)  of  patients  (Table  2  in 
Supporting  Data).  This  is  in  agreement  with  Yoshimoto  et  al.  who  found  that  PTEN  deletion  was 
present  in  42%  of  prostate  cancer  patients,4  whereas  Gumuskaya  et  al.  noted  PTEN  loss  in  53% 
of  patients.6  In  our  study,  heterogeneity  in  PTEN  expression  within  a  tumor  focus  was  noted  in 
44  (22%)  of  patients,  and  heterogeneity  between  tumor  foci  was  noted  in  26  of  the  65  patients 
(40%)  with  >1  tumor  focus  evaluated. 

Among  the  197  patients,  250  individual  tumor  cores  were  individually  evaluated  for 
PTEN  expression  and  Gleason  score.  PTEN  loss  was  significantly  correlated  with  higher  Gleason 
score,  with  57%  of  Gleason  score  >8  cores  showing  PTEN  loss  compared  to  11%  of  Gleason 
score  <6  cores  (Figure  1  in  Supporting  Data).  Within-core  heterogeneity  was  also  positively 
correlated  with  Gleason  score,  but  to  a  lesser  degree.  PTEN  loss  in  all  tumor  cores  was 
associated  with  a  non-significant  increase  in  prostate  cancer-specific  (hazard  ratio  (HR)=2.05; 
95%  confidence  interval  (Cl):  0.58,7.24)  and  overall  (HR=1.56;  95%  Cl:  0.72,3.36)  mortality 
(Table  3  in  Supporting  Data).  After  adjusting  for  Gleason  score,  the  associations  were 
attenuated.  Heterogeneous  loss  of  PTEN  was  not  associated  with  mortality.  However,  with  only 
14  prostate  cancer-specific  deaths,  we  do  not  have  adequate  statistical  power  to  assess 
survival.  Thus,  we  are  currently  collecting  information  on  biochemical  recurrence  and 
progression  to  castrate  resistant  disease  from  medical  records;  this  additional  information  will 
be  available  in  November  2014. 


Task  2.  Aim  2:  Identify  genes  critical  for  metastatic  progression  to  lymph  nodes  in  prostate 
cancer 

IRB  approval  was  obtained  at  Harvard  School  of  Public  Health  in  October  2012.  Dr. 
Batista  has  performed  a  literature  review  detailing  current  studies  that  have  compared 
molecular  differences  in  metastatic  versus  primary  prostate  cancer.  She  has  also  taken  several 
courses  to  enrich  her  knowledge  of  pathology,  molecular  epidemiology,  and  biostatistics  (see 
Task  4  below).  These  courses  have  aided  Dr.  Batista  in  the  study  design  of  the  project,  and  will 
also  be  key  to  the  statistical  analysis. 

Our  collaborator.  Dr.  Ove  Andren,  has  recently  finished  the  tissue  collection  of  within- 
person  primary  and  lymph  node-positive  archival  tumor  specimens  in  Sweden.  Of  the  hundreds 
of  records  reviewed,  5  patient-matched  radical  prostatectomy  and  positive  lymph  node 
samples  were  identified.  This  is  less  than  the  expected  number  of  10-15  matched  pairs. 
However,  Dr.  Andren  was  able  to  identify  an  addition  50  patients  with  positive  lymph  nodes  for 
which  the  diagnostic  biopsy  specimen  is  available  for  analysis.  Since  biopsy  specimens  have  very 
small  amounts  of  tumor  tissue,  and  thus  low  yields  of  mRNA,  we  are  actively  devising  a  feasible 
plan  to  best  address  these  methodological  challenges  for  mRNA  expression  profiling. 
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Task  3.  Mentored  training  with  Dr.  Mucci 

Drs.  Mucci  and  Batista  have  completed  this  task  by  meeting  regularly  to  discuss  progress 
on  the  specific  aims  of  the  project,  as  well  as  evaluating  short-  and  long-term  goals. 


Task  4.  Coursework 

In  year  1,  Dr.  Batista  took  several  courses  in  pathology,  molecular  epidemiology,  and 
biostatistics.  In  September  2012,  Dr.  Batista  attended  a  2-hr  course  on  "Introduction  to 
Microarrays  and  Affymetrix  Data  analysis  using  R/Bioconductor"  at  Harvard  Medical  School 
where  she  familiarized  herself  with  the  R  programming  language.  In  October  2013,  Dr.  Batista 
attended  a  2-hr  course  on  "Whole  Transcript  Expression  analysis  using  Gene  and  Exon  1.0  ST 
arrays"  at  Harvard  Medical  School.  The  course  further  developed  her  knowledge  of  the  R 
programming  language  and  techniques  for  analyzing  expression  array  data.  In  January  2013,  Dr. 
Batista  completed  EPI508  (Pathology  for  Epidemiologists;  1-week  course)  with  a  grade  of  'Pass' 
at  Harvard  School  of  Public  Health.  The  objective  of  the  course  was  to  provide  an  overview  of 
tumor  classification  systems,  histology,  immunohistochemistry,  and  other  molecular  techniques 
used  in  epidemiologic  research  involving  tumor  specimens.  From  January-May  2013,  Dr.  Batista 
completed  BIO508  (Genomic  Data  Manipulation;  semester-long  course)  at  Harvard  School  of 
Public  Health  with  a  grade  of  "A."  The  course  taught  computational  methods  for  genomic  data 
analysis  using  the  Python  programming  language  and  online,  publically  available  research  tools. 
All  formal  coursework  was  completed  in  year  1. 

In  year  2,  Dr.  Batista  continued  her  training  by  attending  an  "Introduction  to  Network 
Medicine"  course  (October  2013)  hosted  by  the  Harvard  Catalyst.  The  3-day  course  provided  an 
introduction  to  the  identification  and  investigation  of  molecular  networks  that  underlie  disease 
etiology  and  treatment. 


Task  5.  Meetings  and  seminars 

Dr.  Batista  has  attended  numerous  meetings  and  seminars  as  planned  in  years  1  and  2. 
She  has  attended  two  bi-weekly  meetings,  including  a  prostate  cancer  epidemiology  meeting 
and  pathology-epidemiology  working  group.  Monthly  meetings  that  Dr.  Batista  attends  include 
meetings  for  the  Prostate  Cancer  SPORE  at  Dana-Farber/Harvard  Cancer  Center  and  for 
prostate  cancer  journal  club  at  Harvard  School  of  Public  Health.  Dr.  Batista  also  took  part  in  a 
special  week-long  workshop  entitled  "Integrative  Molecular  Epidemiology  Workshop"  in  July 
2013  in  Boston,  MA,  sponsored  by  the  American  Association  of  Cancer  Research.  This  workshop 
addressed  the  challenges  faced  when  integrating  high-dimensional  data  from  multiple  sources 
in  order  to  inform  disease  etiology  and  outcomes.  In  March  2013  and  March  2014,  Dr.  Batista 
presented  an  abstract  at  the  Multi-Institutional  Prostate  Cancer  Program  Retreat  in  Ft. 
Lauderdale,  Florida.  She  also  presented  a  poster  at  the  American  Institute  for  Cancer  Research 
annual  conference  in  November  2013  in  Washington,  DC. 
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KEY  RESEARCH  ACCOMPLISHMENTS 

•  Publication  of  four  co-authored  manuscripts  in  peer-reviewed  journals  7 10 

•  Literature  review  of  current  studies  comparing  molecular  differences  in  metastatic 
versus  primary  prostate  cancer 

•  Completion  of  a  tissue  microarray  with  prostate  tumor  specimens  representing  patients 
with  multi-focal  disease 

•  Completion  of  initial  statistical  analysis  and  manuscript  preparation  for  Aim  1 

•  Development  of  a  prostate  tumor  tissue  resource  that  utilizes  patient-matched  primary 
and  lymph  node-positive  prostate  cancer  specimens 


REPORTABLE  OUTCOMES 

•  Dr.  Batista  was  promoted  to  Instructor  in  the  Department  of  Medicine  at  Harvard 
Medical  School/Brigham  and  Women's  Hospital  (July  2013) 

•  Publication  of  four  manuscripts  in  peer-reviewed  journals  from  2013-2014  710 

•  Became  co-investigator  on  funded  R01  project  (PI:  Massimo  Loda,  Dana-Farber  Cancer 
Institute)  entitled  "Molecular  link  between  metabolic  syndrome  and  prostate  cancer." 

•  Became  co-investigator  on  funded  Dana-Farber  Cancer  Institute,  A.  David  Mazzone 
Disparity  Research  Award  (PI:  Mark  Preston,  Brigham  and  Women's  Hospital)  entitled 
"Do  baseline  prostate  specific  antigen  (PSA)  levels  predict  advanced  prostate  cancer  in 
African  American  men?" 

•  Applied  for  Prevent  Cancer  Foundation  award  (PI:  Julie  Batista,  Brigham  and  Women's 
Hospital)  in  August  2014  entitled  "Dairy  intake  in  adolescence/adulthood  and  advanced 
prostate  cancer  risk";  awaiting  grant  review. 

•  Presentation  of  abstracts  at  the  Multi-Institutional  Prostate  Cancer  Program  Retreat  in 
Ft.  Lauderdale,  Florida  (March  2013  and  March  2014)  and  the  American  Institute  for 
Cancer  Research  annual  conference  in  Washington,  DC  (November  2013). 

•  Completion  of  a  tissue  resource  by  colleague  (Dr.  Ove  Andren)  that  utilizes  tissue 
microarray  technology  to  catalog  >200  prostate  cancer  patients  with  single  and  multi¬ 
focal  prostate  tumor  specimens.  These  tissue  microarrays  were  used  for  the  analyses  in 
Aim  1,  and  are  available  as  a  resource  for  any  of  our  collaborators  who  wish  to  study 
protein  expression  and  histological  differences  across  tumor  foci  in  this  patient 
population.  (2013-2014) 

•  Development  of  a  tissue  resource  that  combines  within-person  primary  and  lymph 
node-positive  prostate  cancer  specimens.  This  resource  is  coordinated  in  Sweden  by  Dr. 
Ove  Andren  and  the  archival  tumor  specimens  are  readily  available  for  research 
purposes  (Aim  2). 
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CONCLUSION 

Dr.  Batista  has  made  significant  progress  on  the  current  Career  Development  Award 
through  coursework,  organizational  meetings,  and  completing  many  research-related  tasks. 
Regarding  career  accomplishments.  Dr.  Batista  was  promoted  to  Instructor  in  the  Department 
of  Medicine  at  Harvard  Medical  School/  Brigham  and  Women's  Hospital  in  July  2013.  Dr.  Batista 
has  worked  to  overcome  the  challenge  of  finding  an  alternative  means  of  performing  the  assays 
for  Aim  1,  and  has  made  great  progress  to  develop  the  tissue  resource  for  Aim  2.  She  also 
published  a  paper  on  a  putative  prognostic  marker  for  prostate  cancer  in  year  1,  and  has 
presented  her  findings  at  several  scientific  meetings/conferences.  Dr.  Batista  continues  to  make 
significant  progress  on  Aims  1  &  2,  and  will  conclude  by  submitting  her  findings  to  peer- 
reviewed  journals.  The  current  findings  on  PTEN  loss  in  multifocal  prostate  cancer,  detailed  in 
the  Body  section  of  the  progress  report,  highlight  that  heterogeneous  PTEN  expression  is  a 
common  event  within  and  across  tumor  foci.  This  information  is  clinically  relevant  when 
evaluating  PTEN  as  a  potential  prognostic  marker  in  prostate  cancer  patients.  In  summary,  this 
project  is  making  important  contributions  to  the  understanding  and  characterization  of 
molecular  heterogeneity  in  prostate  cancer. 
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SUPPORTING  DATA 


Table  1:  Characteristics  of  197  prostate  cancer  patients  on  tissue  microarrays  for  multi¬ 
focal  prostate  cancer  after  radical  prostatectomy 


Mean  age  at  diagnosis,  years 

62.9 

Range  of  diagnosis  years 

1989-2005 

Mean  follow-up  time  from  diagnosis  to 

10.7 

death  or  end  of  follow-up,  years 

Number  of  tumor  foci  evaluated  per 
patient,  % 

1 

67% 

2 

25% 

3 

7% 

4 

1% 

Clinical  T  stage,  % 

Tla-Tlc 

55% 

T2 

37% 

T3 

4% 

Gleason  score  of  primary  focus,  % 

6 

24% 

7 

64% 

8 

9% 

9 

3% 

Vital  status,  N 

Prostate  cancer-specific  death 

14 

Death  from  other  cause 

29 
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Table  2:  Distribution  of  PTEN  expression  in  prostate  tumor  tissue  from  197  patients 

N  (%) 


PTEN  consistently  expressed  in  all  tumor  cores 

123  (62%) 

PTEN  loss  in  >1  tumor  core 

74  (38%) 

PTEN  loss  in  all  tumor  cores 

23  (12%) 

Within-focus  heterogeneity  in  PTEN  expression  (n=197) 

Between-foci  heterogeneity  in  PTEN  expression 

44  (22%) 

(n=65  multifocal  patients) 

26  (40%) 

Figure  1:  Correlation  of  prostate  tumor  PTEN  loss  with  Gleason  score  in  individual  tumor  cores 


(n=79)  (n=149)  (n=28) 

Chi-square  p-value:  *<0.05;  **<0.001 


a  any  degree  of  PTEN  loss  in 
tumor  core 

■  within-core  heterogeneity  in 
PTEN  expression 
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Table  3:  Association  of  PTEN  loss  in  prostate  tumor  tissue  with  overall  and  disease-specific 
survival 


PTEN  consistently 
expressed  in  all 
tumor  cores 

Heterogeneous 
PTEN  loss  within  or 

across  tumor  foci 

PTEN  loss  in  all 

tumor  cores 

Prostate  cancer-specific  mortality 

N  deaths 

7 

3 

4 

Age-adjusted  HR  (95%  Cl) 

1.00  (referent) 

0.70(0.18,2.75) 

2.05  (0.58,7.24) 

Age-  and  Gleason  score-  adjusted 
HR  (95%  Cl) 

1.00  (referent) 

0.36(0.08,1.56) 

1.28(0.35,4.68) 

All-cause  mortality 

N  deaths 

22 

11 

10 

Age-adjusted  HR  (95%  Cl) 

1.00  (referent) 

0.84(0.40,1.77) 

1.56(0.72,3.36) 

Age-  and  Gleason  score-  adjusted 
HR  (95%  Cl) 

1.00  (referent) 

0.71(0.33,1.51) 

1.22  (0.56,2.69) 

Abbreviations.  Hazard  ratio,  HR;  confidence  interval.  Cl 
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